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Lightning: cathodic protection system vs, 6-28 

Linings: See coatings 

Liquid metal: 304L welded, cracking, 2-88 
embrittlement: bolts, galvanized, Cd plated, 

1-65 

Lubricants: residues vs Cu, 5-55 

Materials: fossil fuel boiler, gas turbine 
selection, 12-56 
powder metallurgy for turbines, 12-59 
selection economics, 5-68 


METAL ALLOYING 

Aluminum vs microbiological effects, 9-66 
Copper vs microbiological effects, 9-65 

Nickel alloys, combustion gas vs, 12-60 

Nickel vs microbiological effects, 9-66 
Titanium vs microbiological effects, 9-67 

Steel, stainless vs microbiological effects, 9-66 


Metals: strip and sheet defect insp., 9-75 
Microbiological: See Biological 
Microstructure: metal weld effects, 1-62 
Monticello: roof restoration, 10-61 


MOTOR VEHICLES 
Electric battery charging research, 3-12, 8-3 
Environmental attack on, 5-46 

Exhaust muffler alloy attacks, 10-69 
International corrosion rates vs, 5-48 
Material for gasoline, methanol fuels, 5-72 
Nitrogen compounds vs automobiles, 5-47 
U.S. companies’ joint research, 10-3 


Naphthenic acids: in petro. refining, 4-50, 53 
Natural gas: vehicles burning, design, 2-28 
Nickel-base alloys: vs over 600°C waste 
incineration, 2-83 
Nuclear reactors: 304, 316 SS cracking in, 
12-47 
aust. SS cracking in, 4-65, 67; 12-47 


OSHA 

Confined space regulations, 9-48 

Consolidates const. rules, 10-3 

Hazardous chem. regulations in 29 CFR 
1910-119, 4-3 


Oilfield equipment: sulfate bacteria vs, 1-53 

Oil wells: cathodic protection interference 
controls, 5-25 

Orthophosphates: chemistry of potable 
water inhibitors, 8-50 

Oxides: Fe 25 Cr, Ce, La, Yt, Hf, Ni, Zr high- 
temp. anal., 1-48 


OXYGEN 

Impressed current cathodic protection, 
generation of, 1-21 

Injection water systems vs, 9-46 

Prestressed concrete pipe vs, 8-65 

Scavenging with Na sulfite, 12-43 

SCC stainless steels vs neutron radiation, 
12-50 


Pavement: pipeline coatings’ surveys 
through, 2-36 
Peroxides: zirconium vs, 6-68 


PETROLEUM 
Coatings vs attack by, 3-59 
Fuel economics, 12-50 
Injection water for reservoirs, 7-44; 9-46 
Offshore CP modeling via computers, 12-15 
Refining: economics, 12-54 
ethylene oxide plant inhibitors, 2-68 
naphthenic acid attack, 4-50 
Steam flood sulfur bacteria biocide tests, 
10-51 
Sulfate bacteria attack in North Sea, 3-58 
Tension leg platform, CP design, 12-19 
Well casing corrosion, 9-69; 10-46 
Well pumping rod design changes, 10-72 


pH: coatings, pipeline influence of, 1-26 
environmental vs prestressed concrete 
pipe, 8-63 
Pilings, steel in soil, 10-30 
steel wharf, coatings for, 7-40 


PIPELINES 
Aluminum bracelet anodes for, 10-21 
Alyeska corrosion controls, 3-13 
Casings: insulators vs cathodic protection, 
2-40 
test station defects, 2-40 
Cathodic protection 
offshore interference controls, 5-25 
on multiple buried, 3-24 
subsea, 9-21 
Coatings: adhesion tests, 3-64 
deterioration controls, 3-24 
disbonding, cathodic protection, 6-21 
epoxy, 2-49 
epoxy fusion-bonded, 10-y results, 3-36 
performance study, 8-37 
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polyethylene for British fittings, bends, 
etc., 3-36 
survey case histories, 3-37 
tests on parallel lines, 2-37 
urethane repairs, 3-38 
voltage tests, 2-35 
Computer corrosion control monitoring, 2-30 
Dry climate, cathodic protection influence of, 
3-18 
Gas, wet: glycol + CO, vs, 9-57 
inhibition of, 9-49 
liquid flow pattern calculations, 9-50 
velocity influence on liquid flow, 9-53 
Metal tape locator for polyethylene, 2-73 
Pigging damage, 9-62 
Polyethylene sewer, 2-73 
Safety: local, state, fed. rules, 3-3; 6-3; 11-84 
Spheres, pigs influence inhibition wet gas, 
9-54, 55 
Surface in arid regions, 3-18 
Undersea, K-Monel bolt failure on, 7-14 
underprotected galvanically, 4-23 
Weld stress corrosion cracking, 1-58 


PIPES 

Aboveground storage tanks regs on, 1-19 

Carbon steel resistance welded, 2-78 

Coatings, 50-y review, 2-42 

Copper, “ant nest” attack, concentration cells, 
5-53 
potable water protection vs, 8-43, 56 

Corrosion product, cleaning from, 9-72 

Depropanizer elbow vs hydrogen sulfide, 
ammonia, 6-50 

Ductile iron unbonded polyethylene coating 
on, 8-23 

Economics calculations, 5-68 

Field signature internal corrosion tests, 3-51 

Floor, wall penetration hole gaps, flashing 
covers, 5-66 

Foam insulation attack by, 5-65 

Gas, coatings rehabilitation, 1-26 

“Horseshoe” attack on depropanizer, 6-50 

Nonmetal or lined for petro injection wells, 
8-49 

Polymer concrete for sewers, 3-45 

Polyvinyl chloride vs potable water, 8-60 

Prestressed concrete sewer, 8-62 

Resistance welded, ASTM A 214 and 178, 
2-78 

Steam, sound as attack rate indicator, 5-64 

Stray current vs, 6-38 

Steel, building condenser microbiological 
attack, 9-72 


PITS 

Copper, by soldering, cleaner residues, 5-56 

Impressed current cathodic protection vs 
double tank bottoms, 1-20 

Naphthenic acids, from, 4-50 

Tank bottoms, gravel backfill influence on, 
4-4 


Plating: electroless nickel quality controls, 
10-34 

Polarization: saw-tooth, square cathodic 
protection pulse for crevice, 6-25 


POLYMERICS 

Biocides vs, 6-59 

Concrete: used in, 3-45 

Polyamide precursor alternate benefits, 2-58 
Polystyrene insul. for grade foundations, 3-74 
Thermoplastic: welding, 2-90 

Tank truck liner, cleaning of, 5-43 


Potable water: See Water, Potable 
Potentiostat: low cost, 7-56 
Pressure: internal pipe vs weld SCC, 9-58 


prestressed concrete cylinder pipe vs, 
8-62 


PULP AND PAPER 

Chemical alternatives for pulping processes, 
6-68 

History of paper manufacture, 6-65 

Roll material selection error, 6-76 

Zirconium uses for industry, 6-65 


Radiation: nuclear vs AIS! 304 and 306, 12-47 
ultraviolet vs coatings, 2-45 


RAILROADS 

Electric, drainage bond effects, 6-38 
power station spacing, 6-37 
rail isolation, 7-34 
stray current controls, 6-35 
tunnel, concrete underwater, 8-16 


Rate graphics: attack types synthesis, 6-73 
Records: coatings’ operations, 9-42 
for ISO, 12-35 
Refinery: depropanizer pipe failure, 6-50 
economics, 12-54 
Refractories: refuse boiler in, 12-28 
SiC tile in refuse boiler, 12-28 
Resistivity: pipeline bracelet anode variations 
undersea, 12-17 


REGULATIONS 

National Institute for Occupational Safety, 
10-41 

OSHA: lead in construction, 29 CFR 1926.62— 
Lead, 11-43 
scaffolding, 10-19 

Tanks, aboveground storage, 1-17 

U.S. National Safety Training Board: 1992 

Pipeline Safety Act, 11-84 


Resistivity: soils’ influence on attack, 4-58 

Roads: deicing salts pollution vs autos, 5-47 
polymeric concrete for, 3-45 

Roofs: limestone control of acid rain effects, 
10-74 
tin-plated stainless shingles, survival, 10-61 
zinc sheets failures, 10-74 


SAFETY 

Confined space OSHA regulations, 9-48 

Employers’ views on training, 11-84 

Lead-based coatings removal, 3-40 

Scaffolding regulations by OSHA, NIOSH, 
10-41 

Training: accident prevention, confined spaces, 
9-12 


Scales: Ca carbonate on steel vs cathodic 
protection, 9-17 
CaCO, in potable water systems, 8-5 
materials, on, 2-82 


SEA/MARINE ENVIRONMENTS 

Coatings vs, 7-26 

Corrosion control, 9-37 

Seawater: effects on oil rig cathodic protection, 
4-21 


Sewers: polyethylene (HDPE) force main, 2-73 
Sheet lining: for flue gas scrubbers, 12-61 
Ships: tankers, double-hull maintenance, 9-31 
Silica particles in epoxy coating, 1-26 
Silicones: gasoline-methanol blends vs, 5-72 
Silver: ionic, water cleaning by, 8-56 
Slurries: See Abrasion 
“Smart” materials: See Design 
Sodium chloride: cast iron white vs, 11-66 
steel reinforced concrete vs, 5-58 
Sodium sulfite: brass condenser tubes vs, 
12-42 


SOILS 
Pilings, steel vs, 10-30 
Corrosivity, analysis, 10-19 
factors, 4-56 
Type impact on pipeline coatings, 8-38 


Solar energy: pipeline cathodic protection 
using, 3-21 

Solder: residues vs copper tubing, 5-54 

Sound: as corrosion rate indicator in steam, 
5-64 


STANDARDS 

ASTM, DIN for pipeline coating tests, 3-66 

Cathodic protection design, Norwegian, 
12-17 

Impact on engineering contracts, 8-36 

International for atmos. attack classification, 
10-53, 55 

ISO 9000, 12-35 

Prestressed concrete cylinder pipe ident., 
8-62, 65 

Steel cable sheathing, ASTM A 882, 2-65 

Welding clad mtal sheets, ASME boiler 
codes, Sec. IX, 12-62 


STATISTICS 

Al galvanic anodes, 6-y experience, 10-21 
Naphthenic acid attack, 4-52 

Petro ind. environmental expenses, 11-63 
Pollution control, 9-63 

Prestressed concrete pipe failures, 8-64 
SIC test tiles in refuse boiler, 12-30 

Soil corrosivity analyses, 10-19 

Water cooling towers, industrial, 8-54 


STEELS 
Atmos vs ISO standards, 10-55 
Carbon 
Anhydrous HF system failure analysis, 
11-50 
Atmos. attack classifications, 10-53 
Boiler tube blisters, 8-68 
H-sulfide cracking in petro refineries, 
11-55 
Injection water contamination by rust, 
9-46 
Polyphosphate inhib + Ca for water, 8-50 
Polysulfide inhib SCC in sulfides, 11-58 
Potable water vs, 9-56 
Stress corrosion cracking in petro ref, 
11-55 
Stress cracking in thiocyanate, sulfate, 
carbonates, chlorides + N, 11-56 
Nickel-base: bromides, iodides vs, 6-56 
Nonchloride halide attack, 6-54 
Stainless 
304 and 316 vs water temperature, 
nuclear radiation, 12-47 
316 and 317, other vs flue gas, 12-60 
Abrasion resistance, 11-50 
AISI 304 liquid metal embrittlement, 2-88 
AIS! 316 tin-plated roof shingles, 10-61 
AISI 321, 315 SN sensitization tests, 
10-69 
AISI 430 failure in automobiles, 5-46 
Alloying Nb, Cu, Si, Ti, 454, 677C vs 
sensitization, 10-70 
Bromides vs, 6-55 
Ferric chloride vs, 11-64 
lodides vs, 6-55 
Lab, pilot plant sulf acid sol vs AIS! 316, 
11-70 
Nonchloride, halide attacks on, 6-54 
Potable water vs, 8-56 
Powdered, high-nickel alloy, 9-65 
Sensitized to fluorides, 6-58 
Storage, failures in, 4-65 
Valve spec. mixup failure, 11-71 
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Steam: corrosion cost reduction, 2-12 
turbine blades vs water droplet erosion, 
4-74 


STRAY CURRENT 

Direct, on electric railroad welded rails, 7-34 

Pipelines vs, 2-38; 10-17 

Railway, controls for, 6-35 

Rectifiers, influence on, 12-22 

Reinforced concrete steel in tunnel attack, 
8-18 

SCAT tests for oil well components’ pits, 9-69 


STRESS 

Coatings’ effects due to, 2-45 
Cracking aust SS due to, 4-65 
Pipeline weld attack factor, 1-58 


STRESS CORROSION CRACKING 

Brass, admiralty, condenser tubes, 12-42 

Design, precautions related to, 6-72 

Neutron radiation assisted, AISI 304 and 316, 
12-47 

Pipelines, temperature influence on buried, 


Stainless steels in storage, 4-65 
Steel in ethylene oxide systems, 2-68 


Suifates in soils, influence, 4-57 
Sulfides vs biocides, 6-59 
Sulfur compounds vs autos, 5-47 
dioxide in boilers, 12-44 
from waste combustion, vs materials, 
2-84 
Summer jobs for students, 11-82 
Surface oxides: Fe 25Cr, La,O,, 1173 K: 
electron microscopic anal, 1-48 


SURFACE PREPARATION 

Contamination removal by water jetting, 1-38 

NACE, SSPC standards descriptions, 1-46 

Pipelines before coating, 1-26 

Steel, coated, vs sea marine environment, 
7-29 

Steel mill scale vs water jetting, 1-38 

Surface profile for water blasting, 1-38 


Tankers: double-hulled, inspection regs, 9-31 


TANKS 
Aboveground storage regulations flux, 1-17 
Aluminum failure due to welding errors, 6-76 
Bottoms: cathodic protection design, 9-32 
condition evaluations, 10-27 
protection, gravel, sand backfill, 4-4 
Buried, leak cleanup costs, 3-34; 8-41 
Cathodic protection, 6-31 
Computer monitoring bottom protection, 2-33 
Concrete for leak containment, 8-41 
Design standards vs wind, 1-34 
Res. Conservation Recovery Act vs buried, 
8-42 
Small scale tests, double bottom cathodic 
protection, 1-20 
Uniform Fire Code for aboveground, 8-41 
Water, lead-based coatings on, 1-44 


Telluric current: avoiding effects, 2-35 


TEMPERATURE 
1,173 K surface oxides on Fe 25Cr, La,O,, 
1-48 
Boiler tubes, sulfite residuals, limits, 12-43 
Bolt liquid metal embrittlement at 400°C, 1-65 
CaCO,, effects of, 8-51 
Cast iron, white, influence NaCl, 11-68 
Coatings, on pipelines, vs high, 3-64 
stress due to changes, 2-45 


Gas line coatings’ effects, 1-26 

Gas, wet pipeline influence on attack rate, 9-61 

Halides vs titanium, influence of, 6-57 

High, ceramic coatings, metal substitute vs, 
3-75; 7-41 

Inhibitors that attack steel vs, 9-64 

Potable water vs copper, iron, stainless pipes, 
8-58 

Zones: attack due to different, 6-70 


TESTS 
Al galvanic anodes, 10-21-24 
AlZn coatings on C steels, 25 y, 4-68 
Atmospheric attack models, 10-63 
Attack rates identify susceptible components, 
3-56 
Biocide screening, 10-49, 50 
Boilers: SO,, 12-44 
tubes, brass, 12-42 
Bolts, 7-14 
Calorimeter of epoxy coatings, 2-49 
Capillary electrophoresis, parts/billing 
concentrations, 9-60, 61 
Carbonate solutions, slow strain date, 2-68 
Cathodic protection function, 10-25 
Clad metal welding, 12-63 
Coatings: adhesion, 2-46 
bending, adhesion influence, 2-51 
fusion-bonded epoxy solubility, 2-51 
inspector training, 10-39 
performance predictive, 10-42 
residual entropy, 2-52 
Computerized statistics of pipes, 3-53 
Computer program alternates to, 5-52 
Concrete: prestressed cylinder pipe, 8-64 
steel reinforcing, repair effects, 5-58 
Corrosion rate probes: wrapped and tape- 
coated pipes, 8-21 
Corrosive ions, anions, cations, ident, 
quantification, 9-61 
Coupons in atmos, 10-57 
Cyanide SCC of steel, 11-56 
DC, thru pipe for defect locations, 3-50 
voltage on pipeline coatings, 2-35 
Electron microscope, high temp. surface 
oxides, 9-48 
Electronic devices for, low cost, 7-56 
Epoxy, fusion bonded, cure, 2-49 
Field signature method for pipelines, 3-50 
Fractographic, neutron irrad. SS, 12-47 
Glycol effects in wet gas pipelines, 9-57 
Indoor atmos standards, 10-58 
Inhibitor, AP! RP38, others, 6-59 
Iron oxide scale for failed well casings, 10-46 
in-place steel thickness thru thermal insulation, 
3-74 
Inspection site choices, 3-57 
Lead content of removed coatings, 3-40 
Liquid metal embrittlement 304L by zinc, 2-88 
Magnetic flux exclusion, tank bottoms, 10-27 
Microbiological attack oilfield systems, 1-53 
Naphthenic acid attack, 4-51 
Ni 200 vs 625, 61 (UNS 02061) and 14L (UNS 
W 82141) filler welds, 3-71 
Nondestructive, in-place pipes, 3-50 
Oil well casing: SCAT-stray current accel, 9-69 
sulfate bacteria, 10-46 
Peel/shear machine for pipeline coatings, 3-65 
Piling vs soils research project, 10-30 
Pipeline: cathodic protection, parallel ground 
beds, 3-26 
cathodic protection, pulsed for disbonded 
coating, 6-22 
coatings, value of, 8-38 
pigging damage, 9-62 
welding methods, 1-63 
Polymeric: coatings on pipe vs CP, 
temperature, soil stress, 1-26 


cable cathodic protection, 3-24 

Potentiodynamic, chromium-inhibited 
carbonates, 2-70 

Refinery depropanizer pipe elbow failure, 
6-51 

Resistivity, soil meas, 10-18 

Results variation of lab vs pilot plant sulfuric 
acid sol, 11-70 

Scale model oil rig cathodic protection, 4-19 

Sensitization vs temperature, AISI 321, 
Japanese 315SN, 10-69 

Slow strain rate: bolts in seawater, 7-14 
carbon steel vs H,S, 11-55 

Soil corrosivity methods, 4-57; 10-17 

Soil sensor for buried steel piling, 10-31 

Spark, tank trailer linings, 5-43 

Stainless pipe pitting via electrical resist, 3-63 

Steel sheet + low chromium, copper, nickel 
vs anhydrous HF, 11-53 

Stray current on bare cast iron water main, 
7-10 

Tank bottoms: API 653 details, 10-28 
condition evaluation, 10-27 
inspection modes, 10-28 

Tanker, double-hull thickness, 9-35 

Thermoanalytical, others for epoxy pipeline 
coatings, 3-37 

Thermoelectric factors, 3-20 

Truck liner cleaning, maintenance, 5-43, 44 

Ultrasonic, tank bottoms, 10-23 

Undersea pipeline cathodic prot computer, 

Voltage drop unburied pipelines, 3-18 

Water jetting, 1-38 

Weld resistance defects in pipe, 2-78 

White cast iron, potentiostatic, microstructure 
influence vs NaCl, 11-67 


Thermogaivanic attack, 6-70 
Thermoplastic filaments cured by infrared, 
5-74 
Ties: concrete, wood insulation on electric 
RR, 7-35 
Time: coatings shrinkage due to, 2-45 
Tin-plated roof shingles, 10-63 
Titanium: vs Br, 10, HF, 6-56 
nonchloride halide attack, 6-54 
steam turbines in, 12-59 
Transport: vehicles using natural gas, 2-28 
Turbines: steam and coal burning, 12-55 
Tunnel: concrete, steel reinf survey of, 8-16 
Turbulence: influence on H,S, ammonia pipe 
attack, 6-53 
waste incin. materials effects on, 2-86 
Turbines, steam: blade material select., 4-74 


Valves, aboveground storage tanks’ regs, 
1-19 
Vapor, test for attack by, 9-61 


VELOCITY 

Copper vs hot water, 4-72 

Injection water, petro. res., 7-45; 9-48 

Potable water pipes vs high, 8-59 

Wet gas in pipeline, influence on glycol inhib, 
9-57 


Volatile organics: coatings with, regulations 
vs, 7-26 

Voltage criterion to prevent soil corrosion, 
11-21 


WASTE DISPOSAL 

Combustion products effects, 2-84 

Incinerators: Al, high-Co, Cr, Si coatings; SiC 
plate, alloy 625, 2-82, 86 

Lead-based coatings, 3-42 

Refuse boiler desing, 12-28 

Spent acid reuse, 10-59 
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WATER 
Boiler tube internal, deposits from, 8-68 
Cooling, ozone treatment, 11-89 
Cooling tower statistics, 8-54 
Copper attack in, 5-53 
Floods: microbiological attack controls, 1-53 
Injection, gas-petrol reservoirs, 8-46 
Ozone, silver ion cleaning, 8-54 
Sea: pipeline case histories cathodic 
protection in, 9-21 
rate limits for injection wells, 7-44 
scale + cathodic protection in, 9-17 
Systems: galv iron-copper pipe-insulator for, 
6-74 


WATER, POTABLE 

Analysis vs copper pipe, 8-44 

AWWA computer program for control, 10-60 

Building systems’ corrosion review, 8-56 

Chemistry vs scaling, 8-57 

Copper pipe protection vs, 8-43 

Copper, steel-galv attack in, 8-56, 61 

Iron, Mn stabilization by polyphosphates, 
8-52 

Health limit: NaOH additions, 8-44 


PH factors, 8-44 

Pictorial (color) review of attack in, 8-56 

Piping, chemical treatment of, 8-61 
concentration cell attacks in, 8-56 

Polyphosphates for, 8-50 

Polyvinylchloride, polybutylene pipes in 
buildings, 8-60 

Regulations for, 8-45 

Scale table: attack modes on carbon steel, 
zirconium-coated, 8-57 

System cleaning, preliminary treatments, 8-53 

Water, rain + sulfates vs zinc roof, 10-74 


Wax: bridge stay cable coating, 2-64 
Wear: surface profile influence on corrosion, 
7-50 


WELDING 

Aluminum, bracelet anodes on pipelines, 10-21 
failure due to filler selection, 6-76 

Clad metal ASME criteria identification, 12-62 

Exothermic on cast iron pipe joints, 7-12 

Hardness: pipeline effects, 1-58 

Heat-affected zone cracking, 4-66 

Near bead attack, type identification, 3-70 


Oil well casing failures due to, 9-70 
Pipeline, stress corrosion cracking, 1-58 
Qualification for welders, clad metal, 12-62 
Resistance, carbon steel pipes, pitting, 2-78 
Sea water attack, injection wells, 8-48 
Thermoplastics, resistive implant tape, 2-90 
Underwater, AWS spec, 9-74 


Wells, gas petro injec tubing materials 
design, 7-46 

Wind, damage to tanks, 1-34 

Wood: oak, corrosives from, 9-62 


Zinc: 304L embrittlement by, 2-88 
potable water, films on, 8-50 
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